The article presents single-span composite string steel structure. The article discusses the calculation method for the single-span composite string structure when the load is symmetrical, while the string and bottom cable act as absolutely flexible elements. It presents the way the displacements and the shear force in the supports are calculated for the distributed and concentrated loads. Calculations with a pre-tensioned string are provided. The results are compared with the results obtained with the finite element method program. The conclusions present the results obtained.
Introduction
Suspended constructions are some of the most impressive and largest cross-over structures in the world (Gimsing, 1997; Kulbach, 1999) . Such designs are effective because most of the elements are stretched which leads to the lowest steel costs. One of the most rational constructions is a single-span design (Strasky, 2005) , however, this design is more commonly used for pedestrian bridges and its outline is not suitable for other transport.
In order to produce the most efficient construction, cable-supported structure can be combined (Sandovič & Juozapaitis, 2012; Chen, Cao, Chu, Hu, & Li, 2014) with a string (Yunitskiy, 2006) , (Figure 1 ). In addition to reducing the kinematic displacements in the structure when the load is asymmetrical, the string would also form a straight line for the transport movement (Yunitskiy, 2019; Linkutė, 2015) . In such manner the traffic of this type could be used not only for pedestrians but also for other types of transport, such as cars, trains and etc. Moreover, the construction can also be used for overlapping large span roof structures.
The main parameters of the combined string system ( Figure 2 ) comprises the lower cable sag, the lower cable and string axial rigidity ratios and the pre-tensioning force of the string. The outline of the lower cable forms a parabola (Beivydas, 2018) . Such constructions are very complex, therefore, to facilitate their design the article below provides a simplified engineering methodology for this design with symmetrical load where the string and the bottom cable represent absolutely flexible elements.
In the calculation of the displacements and stresses of the combined string structure the behaviour of the structure depends not only on the loading location, but also on the method of loading. Thus, two cases will be analysed: when the structure is loaded with columns ( Figure 3 ) and when the structure is loaded with a distributed load (Figure 6) . When load is transferred via the struts the construction should include cross beams. Such a case may be applied to the bridge deck by supporting the cross beams. In the case of the second load ( Figure 6 ), the load is transferred via the string. This case can be applied to innovative structures such as hanging roads or bridges, when the string is used as a rail, etc. This case can also be used for bridge or roof deck support on strings.
The calculation of displacements and stresses
The main task of calculating the combined string structure is to calculate the load taken by the upper element (the string) and the load taken by the lower element (the cable).
The equations for calculating the displacement of strings and the suspended cable as separate elements have already been identified (Schlaich, Bogle, & Bleicher, 2011; Chen et al., 2014; Kmet & Kokorudova, 2009; Greco, Impollonia, & Cuomo, 2014) :
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where:
Df string -string displacement in the middle of span; g string -Load taken over by a string; L -the lenght of construction span; E string -Elasticity module of the string; A string -Area of the string. The following assumptions are taken into account when calculating the displacments and the stresses of combined string structure:
1. The columns between the cable and the strings do not get deformed; 2. The string and the cable are absolutely flexible elements; 3. The string and cable displacements in the columns are equal; 4. Bottom cable outline -parabolic; 5. The columns are placed so densely that a split load is assumed to be transmitted to the lower cable. By knowing the equations of the displacements of the strings' (1) and the cable (2) 
In the equation we have two unknown variables -the load taken by the cable and the load taken by the strings. With the knowledge that the string and cable take on different loads, we can come up with the following conclusion when loading a combined structure:
where: g total -external load. Bearing this assumption in mind (4), we can make the following change:
g string = g total -g cable .
After introducing the changes, solving and organizing the equation, we can get the load taken by the bottom cable: 
Once the solutions are received into the equations that have already been known, we obtain the following result:
In general we obtain this equation of displacements:
Df comb -combined construction displacement in the middle of span; w(x) -combined construction displacement;
x -horizontal distance from the edge support to the counting point.
The case when the load is transferred to the struts
In this particular case the equation of the displacement calculation is the following (7). The shear forces in the supports are calculated using the known equation (9, 10 Modeled structure with a span of 50 m. Initial sag of bottom cable is 5 m. The distance between the struts is 5 m. The string and cable are modeled as cable elements. Nonlinear analysis was used to calculate the structure. The displacement and axial force diagrams we can see in Figure 4 .
Numerical results compared with analytical ones. (Figures 5, 6 ). I = A string /A cable .
We can see that the numerical and analytical results are very similar. The differences from 8% to 10% were calculated for the displacements. The differences are to 1% were calculated for the shear forces. There is a case where the initial sag of the lower cable is L / 10 because the greatest differences are obtained in this case.
The case when the load is distributed
In case of the distributed load (Figure 7) all calculations are made in a similar manner, as in the case when the loads are transmitted through the columns. In this case additional local displacements (Figure 7) occur which cause additional stress.
The calculations of the local displacements of the strings and the resulting shear forces do not estimate that the columns are shifted unevenly. 
where: H string,loal -the shear force in the supports is caused by local displacements; Df string,loal -local string displacement; n -number of columns. The principle of superposition is applied in calculating the total shear force:
Therefore, these are the equations for the displacements (7, 12) and the stresses (11, 13) when the load is distributed.
Numerical results were obtained using a finite element calculation program. The numerical and analytical results are very similar (Figure 8 ). The differences from 9% to 10% percent were calculated for the displacements. The differences are to 1% were estimated by calculating the shear forces.
Conclusions
First, the combined structure are constructed, then the basic parameters are selected for the design. By means of the familiar solutions a simplified calculation of displacement and stress of the construction is provided when the load is symmetrical. Calculations are provided for two load cases: when the load is applied by using cross beams and when the load is transmitted directly to the string. The versions of construction are presented for each load case, for example, a hanging road or bridge with a deck and without a deck.
Calculations are compared to the results obtained by using the numerical method. The numerical and analytical results are very similar. The differences from 8% to 10% were calculated for the displacements. The differences are to 1% were obtained by calculating the shear forces.
When variable load is transmitted through the string, the displacements remain the same as in the first case, however, the shear forces differ. We can see this by comparing equations 8 and 13. The diagram of displacements: sag of cable L/10, external load 10 kN/m Figure 8 . The diagram of displacements, when the load is distributed, the string is not pre-tensioned
